Objective: To observe the effect of a fixed appliance with maxillary protraction in the treatment of skeletal Class III malocclusion, and to analyze soft and hard tissue variations. Material and methods: The study consisted of 78 cases with concave profile of skeletal Class III malocclusion, including 44 males and 34 females (aged 8-15years, mean 13.7years). According to the dental age, all cases were divided into four categories: Group A (n=14, mixed dentition); Group B (n=40, early permanent dentition, without mandibular second molar eruption); Group C (n=26, early permanent dentition, with mandibular second molars' eruption) ; and Group D (n=24, permanent dentition). Cephalometric and hand-wrist radiographs were taken before treatment, while other cephalometric radiographs were taken after treatment. Statistical analysis was performed by software using SPSS 17.0. Results: The maxillary sagittal variation could be significantly affected by growth (ANS-Ptm) and forward movement of the maxilla (A-y, ANS-y). The direction of mandibular growth had been changed after treatment. The profile of soft tissue had also been remodeled. Conclusion: A fixed appliance with maxillary protraction was effective for patients with skeletal III malocclusion. The appliance could stimulate maxillary growth and inhibit mandibular protrusion in mixed dentition, early permanent dentition and some permanent dentition.
Introduction
The anterior crossbite is a common malocclusion in adolescents, which affects the oral function and the facial harmony. In China, the incidence of the skeletal Class III malocclusion is 14.5%, getting close to the incidence of Japan, which is 13% 1) , but is higher than the Caucasians, 5% 2) . The common craniofacial features of these subjects are the hypogenesis of the maxilla, the hypergenesis of the mandible, or both. Almost 42% to 63% of the subjects with the skeletal Class III malocclusion have the characteristic of maxillary hypogensis 1) . Also because of that, the use of maxillary protraction plays an important role in treating Class III malocclusion. The skeletal Class III malocclusion which caused by the hypogenesis of maxilla in early stage can be treatment with maxillary protraction. Besides, the maxillary protraction can stimulate the growth of maxilla, make most patients recover satisfied masticatory function and achieve ideal facial profile.
At present, the researches on curative effect of maxillary protraction have been mostly performed in deciduous and early mixed dentition. A number of studies showed that some light force delivered by the elastics attached to the maxillary protraction can stimulate the bone deposition in the sutures. The more response of the bone, the better result could be achieved. If the cases are treated in the late mixed dentition, the remodel of the alveolar bone will mostly play a great role. Therefore, the earlier treatment can be more effective [3] [4] [5] . The studies of Benedetti et al. 6) have demonstrated that the degree of maxillary protrusion had a negative correlation with the age of subjects who received the treatment of maxillary protraction. Kapust AJ et al. 7) have reported that the earlier subjects were treated, the better result could be achieved. Besides, the treatment of maxillary protraction has a positive effect on the elder growth period (10-14years). The effect of subjects between 8 and 13 years old who received the treatment of maxillary protraction has no statistical significance with the correlation of the age, which has been reported by Hyoung S. et al. 8) . This article observed and discussed 78 cases with skeletal
Materials and Methods
The study consisted of 78 cases with concave profile of skeletal Class III malocclusion, including 44 males and 34 females, (aged 8-15years, mean 13.7years). Ethical approval was obtained from the Local Research Ethics Committee of China Medical University prior to data collection. They were all selected from the Orthodontics of Hospital of Stomatology, China Medical University. According to the dental age, all cases were divided into group A (n=14, mixed dentition), group B(n=40, early permanent dentition, without mandibular second molars' eruption), group C(n=26, early permanent dentition, with mandibular second molars' eruption) and group D(n=24, permanent dentition).
Inclusion criteria
1. Clinical examination and cephalometric analysis showed the subjects were all Class III malocclusion with the hypogenesis of maxilla, which were excluded the indication of surgery.
2. The molar relationship was mesial malocclusion. 3. For the subjects with mandibular second molar eruption, make sure that they were in the pubertal growth peak or before the growth peak.
4. The patient compliance was favorable and ensured that wearing the maxillary protraction reached more than 12 hours per day.
5. No systematic diseases.
Treatment methods
The fixed appliances with maxillary protraction were performed in all subjects. 2*4 appliances were used in the mixed dentition group while the straight wire technique was applied in other groups. The average treatment time of mixed dentition was 7 months, while others were 18.3 months. Once the maxillary dentition had been aligned, the subjects or their parents were instructed to wear the maxillary protraction. The force on each side was 500g-600g. The average time of a day was required for more than 12 hours, and the average total time to wear it was 3.5
months.
The notices of using the maxillary protraction 1. Make sure to wear the appliance more than 12 hours per day.
The traction position was between upper incisor and canine,
the force on each side was delivered by elastics attached to the retractor of the stainless steel archwires between lateral incisor and canine.
3. The direction of traction was -37° But for the subjects with severe anterior crossbite or obstacle of traction, the direction should be forward at first, then made it downward.
4. The subjects with dental germ of mandibular third molars should be observed at regular intervals.
Measurement methods
The lateral cephalograms were performed before and after treatment. Make sure that the subjects' upper and lower lips were relaxed and the mandible was in the intercuspal position.
Hand-wrist radiographs were performed in the pretreatment, which showed that the accelerative phase of adolescent growth spurt was accompanied by becoming square of middle phalange 3 and the appearance of adductor sesamoid of the first finger.
The setting of reference plane
According to the previous literature, we selected SN plane which rotated 6° counter-clockwise as horizontal axis. The vertical axis was drawn perpendicular to horizontal axis from point S. Because point S was relatively stable, which could not be affected by the maxillary protraction, vertical axis was regarded as reference plane.
The control of method error
Cephalometric radiographs were taken by the Winceph8.0 software. The results were measured by the fist author in the same condition. 2 weeks later, the measurement was carried out again by the same investigator. Then, the mean of two measurements was taken. The analysis of measured values by one-way AVOVA demonstrated there was no significant difference.
The 33 items of cephalometric radiographs are as follows ( Figure 1 
Statistical Analysis
The Statistical Analysis of cephalometric radiographs was performed by software SPSS17.0. The results were analysized by Student's t test.
Results
The results of skeletal variance (Table ) The sagittal direction of maxilla was mainly changed in four groups. The table 1 illustrated the results with statistical significance in skeletal measurements before and after treatment. The results of dentoalveolar variation (Table 2) The U1-NA, overjet increased in each group after treatment. and D was the combination of maxillary incisor labial inclination and manbidular incisor lingual inclination. From the variation of U1-NA and UI.NA, the conclusion could be drawn that the younger, the less compensatory changed by incisor axis, and the maxillary incisor was positioned forward significantly. (Table 3) Upper-lip, TN-y increased in each group, Z angle decreased in group C and D. The upper lip became plumper, therefore, the NTA protruded significantly. Besides, the facial soft tissue tended to be more harmonious. The changes of nasal soft tissue were different in each group. The NCA changed significantly in the younger group (group A and B), as the midfacial dorsum of the nose rose and the profile became plumper. As the increase of the age, NLA and NTA became smaller (group B, C and D).
The results of soft tissue variation

Discussion
With a higher incidence, anterior teeth crossbite is one of the common malocclusions, which affects facial appearance and masticatory function. With the growth and development of the adolescences, the malocclusion has become more severe. Three treatment opinions are suggested to the patients and their parents: orthopedic treatment, dental compensatory treatment and orthognathic surgery.
In this study, the fixed appliance with maxillary protraction was used in all cases. The selected cases were the patients with anterior teeth crossbite and relative maxilla hypogenesis.
Measurements before and after treatment demonstrated that the maxillary protraction could stimulate the growth of maxilla and inhibit the manbidular growth. At the same time, the mandibular growth was partly inhibited. Wit comparison among groups illustrated that the younger, the easier to rectify the disharmony of maxillary and mandibular position with the better effect. And for the patients in permanent dentition who were in the period of growth and development, it still had better results.
Obviously, the curative effect of maxillary protraction and age was negatively correlated. The younger, the bone change was more than teeth compensation. The results of dentoalveolar measurements showed that the younger, the further upper incisor had forward movement, the less the teeth axis was compensatory 10) . The upper anterior teeth in group B, C and D inclined to labial side in different degrees. However, the mechanism of overjet in group C and D was the combination of upper incisor labial inclination and lower incisor lingual inclination.
From the changes of midfacial soft tissue, the movement had its unique age-related characteristics in the process of maxillary protraction: the younger, more obviously the NCA changed. The increase of NCA caused nasal dorsum taller and straighter. With the increase of age, the NTA and NLA seemed to be smaller.
Compared with the initial blunt profile, the tip of nose became more acute, which had aesthetic significance for the nasal profile.
The decrease of NLA helped to improve skeletal class III facial type, to meet the public aesthetic standards. It was worthy to mention the comparison of TN-y between groups, which showed that the variation before and after treatment in group B and C was greater than it in group A and D. It could be considered that the mandibular growth and development was the most obvious in the 366 * P<0.05 ** P<0.01 early permanent dentition.
Maxillary protraction was able to produce the desired rotation of palatal plane, it theoretical foundation was the maxillary center of resistance. Both Chinese and foreign scholars believed that when the line of external force passed through the center of resistance, the teeth or bone would have a parallel movement, or the teeth or bone would have a combination of translation and rotation.
Retrospective studies have shown that the patient with maxillary retrusion had the vertical compensatory growth tendency.
The longitudinal studies of Chinese patients suggested that there was no significant difference in sagittal intermaxillary relationship between higher angle and lower angle patients from 8 to 14 years old. However, during this period, the vertical relationship changed significantly .
Therefore, the control of vertically upward increase was another considerable factor in the successful treatment of skeletal class III malocclusion. The high-traction headgear could be used to reduce the vertical increase of mandible. However, it also hindered the sagittal increase of maxilla. Therefore, after the treatment of maxillary protraction, the headgear could be used for retention .
During the treatment of maxillary protraction, the growth and development was an uncontrollable factor. Therefore, Paired Sample T test should be performed as a scientific experiment. The control group was used to eliminate the influence of growth and development. However, for the control group without any methods to control the process of deformity, it was extremely unfavorable for the timing of treatment and psychological heath. For the reason above, this study had no control group. Besides, Gender differences were not involved in this study. These would need further research in the future.
